Background: Cocaine abuse occurs in 40% to 60% of patients entering opioid maintenance treatment, and effective pharmacotherapies are needed for this combined dependence.
idly when treated with buprenorphine plus placebo, while cocaine abstinence was increased more rapidly over time when treated with methadone than with buprenorphine. Regardless of sex or opioid medication, desipramine increased opioid and cocaine abstinence more rapidly over time than placebo. Self-reported opioid use confirmed these findings. Desipramine plasma levels were higher in women than in men, particularly those on buprenorphine maintenance. Higher desipramine plasma levels were associated with greater opioid, but not cocaine, abstinence.
Conclusions: Desipramine may be a useful adjunctive medication in facilitating opioid and cocaine abstinence in opioid-maintained patients. The efficacy of opioid medications to treat opioid or cocaine dependence may differ by sex. These findings highlight the importance of including sex as a factor when examining treatment outcome in these types of trials. Psychiatry. 1999; 56:812-820 C OMBINED OPIOID and cocaine dependence is associated with major health problems, including medical complications, such as infection with the human immunodeficiency virus or hepatitis and endocarditis, and social issues, such as unemployment and illegal activity. Methadone maintenance programs using individual and group counseling have been found to decrease injection opioid use and subsequent risk for complications such as human immunodeficiency virus. 1 However, the rate of cocaine abuse among patients in methadone maintenance programs has increased considerably in the last 10 years. [2] [3] [4] [5] For instance, rates of cocaine use among those entering treatment averaged 58% in one recent multisite study, 6 and rates among those in treatment are as high as 40%. 4, 5, 7, 8 Eighty percent of patients using heroin while in a methadone maintenance program and nearly one fifth (20%) of patients otherwise compliant with program rules reported using cocaine at least once during the week prior to being interviewed. 8 These findings indicate that methadone maintenance alone does not effectively address cocaine abuse.
Arch Gen
Various pharmacological agents have been employed to decrease cocaine craving and abuse in methadone-maintained individuals. [9] [10] [11] [12] [13] [14] [15] While no pharmacotherapy has demonstratedrobusteffectivenessfordecreasing cocaine abuse, desipramine has attenuated the "desire" for or the "wanting" of more cocaine after cocaine administration 16, 17 and has been found to be a useful adjunctive therapy in depressed opioid-dependent cocaine abusers. 18 However, the metabolism of desipramine is inhibited by methadone, been noted with buprenorphine, 19 desipramine's efficacy may be enhanced in patients maintained on the partial opioid agonist buprenorphine rather than methadone. Buprenorphine maintenance has retention rates comparable to methadone maintenance, [20] [21] [22] and at daily doses of 8 mg or more, it reduces illicit opioid use equivalently to methadone at doses of 60 to 65 mg. [22] [23] [24] [25] [26] [27] In addition, buprenorphine reportedly decreases cocaine selfadministration in primates 28, 29 and cocaine placepreference in rats. 30 Buprenorphine may also decrease cocaine use 31 compared with methadone maintenance, 32 although double-blind comparisons of buprenorphine with methadone have not confirmed this. 24, 26, 33, 34 Thus, this placebo-controlled clinical trial compared the treatment efficacy of desipramine hydrochloride in buprenorphine hydrochloride-vs methadone hydrochloride-maintained opioid-dependent cocaine abusers. In addition, given reports of sex differences in substance abuse treatment, [35] [36] [37] treatment efficacy was compared within and between sexes.
RESULTS

DEMOGRAPHICS
Treatment groups did not differ significantly by age, race, education, income, use of heroin, cocaine, or alcohol, or Structured Clinical Interview for DSM-III-R diagnoses (Table) . The methadone plus placebo group reported less sedative use than the other 3 groups, but no rate of use was clinically important. Similarly, the subsample of patients used in the analyses (n = 164) did not differ on any of these measures except for sedative use (data not shown). Patient characteristics did not significantly differ by sex, except for greater net income for men than women in the past 30 days (mean ± SD, $450 ± 748 vs $144 ± 406; F = 6.7; P = .01).
SUBJECTS AND METHODS
SUBJECTS
One hundred twenty-four male and 56 female volunteers (age range, 20-53 years) were recruited from the general greater New Haven, Conn, population after giving written informed consent to participate in a randomized clinical trial approved by the Yale Human Investigations Committee, Yale University, West Haven, Conn. All patients were opioid dependent, having documented prior treatment in a methadone maintenance program (not necessarily within the last year), or having precipitated withdrawal on administration of naloxone hydrochloride (Narcan) (0.8 mg, intramuscularly), and reported regular cocaine use, having test positive for cocaine within a month before study entry. Exclusions included history of a psychosis; current alcohol or sedative dependence, as determined by selfreports, urinalyses, and/or daily breathalyzer tests; current suicidal tendency, as determined by self-reports and clinical assessment by a physician; current use of prescribed psychoactive medications; pregnancy or breastfeeding; notable medical conditions; illiteracy; and prior buprenorphine treatment. Participants were not paid to participate but received treatment at no cost.
RESEARCH DESIGN
In this 13-week clinical trial, patients were assigned to treatment groups using a simple randomization procedure, whereby for every 8 patients entered, 2 were randomly assigned to 1 of 4 medication groups: (1) buprenorphine hydrochloride (12 mg/d, sublingually) plus desipramine hydrochloride (150 mg/d, orally); (2) buprenorphine hydrochloride (12 mg/d, sublingually) plus placebo; (3) methadone hydrochloride (65 mg/d, orally) plus desipramine hydrochloride (150 mg/d, orally); or (4) methadone hydrochloride (65 mg/d, orally) plus placebo. Staff and subjects were blind to both opioid medication and desipramine dosages. The medication dosages were increased weekly from 4 mg of buprenorphine hydrochloride, 35 mg of methadone hydrochloride, and 50 mg of desipramine hydrochloride to the maintenance dosages-12, 65, and 150 mg, respectively-over a 3-week period and were maintained at that dosage for 10 weeks. Primary assessments of treatment outcome included treatment retention; illicit drug use, as measured by urine toxicology screening and selfreports; and opiate withdrawal and mood symptoms.
MEDICATIONS
Methadone (UDL Laboratories, Largo, Fla) was administered orally. Buprenorphine (donated by the National Institute on DrugAbuse,Rockville,Md)wasdissolvedin30%alcoholbuffer and administered sublingually. Desipramine (Marion Merrell Dow, Kansas City, Mo) and placebo desipramine tablets were placed in size 00 blue opaque capsules and ingested while the patient was being observed by the nurse to increase the probability of compliance. The maintenance dose of methadone was selected because it is similar to the mean dose used in our clinical programs and because doses in this range are effective in reducingopioiduse. [38] [39] [40] [41] Thebuprenorphinehydrochloridedose was selected because lower doses (ie, 2 and 6 mg) showed less efficacy than methadone hydrochloride (65 mg) in our previous clinical trial. 22 The desipramine dose was selected to be comparable to the dose of desipramine that produced substantial plasma levels of the drug with minimal side effects in our previous study in methadone-maintained patients.
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All medications were administered with nursing supervision once daily using a double-blind, "double-dummy" procedure. All patients received a liquid to swallow and a liquid to hold under the tongue for 2 minutes, one of which contained active opioid maintenance medication, and a set of 3 capsules that may or may not have contained active desipramine. The pharmacist was nonblind. The principal investigator (T.R.K.) kept the medication assignment code in a sealed envelope for access in case of medical emergency.
EXPERIMENTAL PROCEDURE
Immediately following the screening procedure and the naloxone challenge, if necessary, patients entered treatment and the first dose of medication was administered. Patients attended the clinic daily to receive their medication, Continued on next page ARCH GEN PSYCHIATRY/ VOL 56, SEP 1999 813
TREATMENT RETENTION AND ATTENDANCE
Of the 180 patients, 118 (66%) completed the 13-week trial ( Figure 1 ). Survival analysis showed no significant differences in dropouts as a function of treatment group (Wilcoxon [Gehan] = 1.7, P = .64). A 2 ϫ 4 contingency table comparing dropouts across treatment groups also showed no significant differences ( 2 = 2.8, P = .41). Neither men ( 2 = 2.6, P = .47) nor women ( 2 = 3.6, P = .30) showed differential attrition across treatment groups. Reasons for premature termination of study participation included leaving treatment at the patient's request (n = 35), noncompliance with the study protocol (n = 12), incarceration (n = 8), medical problems (n = 5), or death from causes unrelated to the study medications (n = 2).
The mean proportion of counseling sessions attended ranged from 0.73 to 0.76 across treatment groups, a difference that was nonsignificant (F (3,173) = −0.1, P = .95). Higher attendance was associated with greater retention (Pearson r = 0.38, PϽ.001), but did not interact with treatment group on treatment retention (Wilcoxon [Gehan] = 1.9, P = .59).
ILLICIT DRUG ABSTINENCE AND SELF-REPORTS
A sex ϫ time ϫ opioid medication ϫ desipramine condition interaction was observed for illicit opioid abstinence (z = −1.97, PϽ.05; Figure 2 ). Among men (Figure 2 , A and C), opioid abstinence was increased more rapidly by methadone than by buprenorphine (z = 3.7, P = .0002), and by desipramine than by placebo (z = −3.3, P = .001). Among women (Figure 2 , B and D), opioid abstinence was also increased more rapidly by desipramine than by placebo (z = −5.05, PϽ.001). Moreover, a time ϫ opioid medication ϫ desipramine condition inweekly to undergo group relapse prevention therapy, and monthly to undergo individual therapy sessions. The content of group sessions was manual guided, consisting of 24 topics presented over the 13-week period; the individual sessions were open ended, focusing on individual patient issues. Over the course of the study, patients completed various self-reports (see the "Assessments" subsection that immediately follows this one) and submitted supervised urine samples to test for illicit drugs. Illicit opioid and cocaine use did not affect a patient's continued participation in the study; however, patient participation was discontinued for benzodiazepine use. Patients could not miss completing weekly assessments or being medicated on more than 2 consecutive occasions; they could not miss group sessions or being medicated on more than 4 occasions within a 4-week period. When patients quit, were dropped from, or successfully completed the study, they were given a referral to participate in a naltrexone or methadone maintenance program. Patients who completed the study were given the option of receiving follow-up on a drug-free basis after detoxification from opioids.
ASSESSMENTS
Intake assessments included the Structured Clinical Interview for DSM-III-R
42 ; Addiction Severity Index, a structured clinical interview used to assess medical, legal, familysocial, psychological, drug abuse, and employment problems [43] [44] ; the Beck Depression Inventory 45 ; a weekly drug use inventory assessing amount and frequency of illicit drug use; and a 43-item opioid intoxication and withdrawal symptoms checklist.
The opioid intoxication and withdrawal symptoms checklist and weekly drug use inventory were completed weekly, and the Beck Depression Inventory was completed monthly, prior to being medicated. Urine samples were obtained thrice weekly and tested for illicit opioids, cocaine, and benzodiazepines using Abbott Diagnostics Radioimmunoassay, 46 with cutoffs of more than 300 ng/mL for cocaine or benzodiazepines and more than 200 ng/mL for opiates. Blood samples were drawn at weeks 4 and 10, and desipramine plasma levels were measured using reversed-phase high-pressure liquid chromatography.
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DATA ANALYSIS
The 4 groups were first compared on baseline characteristics using 2 analyses for categorical demographics (eg, sex, race) and 1-way analyses of variance for continuous data (eg, age, income per month, etc). A survival analysis compared retention across the 4 groups. The initial sample was also dichotomized according to whether subjects completed 13 weeks of treatment, and a 2 test compared the proportion of dropouts across the 4 groups. Sex was added as a between-subjects factor.
Urinalyses and self-report measures were analyzed using hierarchical linear models (HLMs), which examine the linear trend of categorical and continuous data over time and the interaction of temporal trend with treatment factors and subject characteristics. 48 The HLMs allow for inclusion of data from patients who did not complete treatment, varying assessment times, and different numbers of assessments per subject. 49 There are 2 algorithms for HLMs: one for use with categorical and ordinal variables (see MIXOR program 50 ), and the other for continuous variables (see MIXREG program 51 ). To make urinalyses amenable to ordinal analysis, urinalysis data were first calculated as a weekly mean proportion of urine tests negative for the target drug. Proportions equal to 1.0 were recoded as "0," proportions between 0.67 and 0.75 were recoded as "1," proportions between 0.33 and 0.5 were recoded as "2," and proportions equal to 0.0 were recoded as "3." These analyses yielded z scores that were used to assess the magnitude of the linear increase or decrease in data values over the course of the study as a function of opioid maintenance medication, desipramine condition, and sex. When an interaction with sex occurred, HLM analyses were performed within that sex. All HLM analyses included only subjects (n = 164) who completed more than 3 weeks (ie, induction).
The average desipramine plasma level for each subject was entered into a 2-way analysis of variance with opioid medication and sex as factors. This value was also a cofactor with sex and opioid medication in an HLM subanalysis of opioid-and cocaine-free urine samples. In all analyses, statistical significance was inferred from a z score or PϽ.05.
teraction occurred (z = −2.05, P = .04), such that opioid abstinence increased the least rapidly in the buprenorphine plus placebo group.
A sex ϫ time ϫ opioid medication interaction was observed for cocaine abstinence (z = 2.3, P = .02), with buprenorphine-maintained men showing greater cocaine abstinence over time than buprenorphinemaintained women relative to methadone-maintained men and women (Figure 3) . Among men (Figure 3 , A and C), cocaine abstinence was increased more rapidly by buprenorphine than by methadone (z = −2.2, P = .03), and by desipramine than by placebo (z = −4.4, P = .001). Among women (Figure 3 , B and D), cocaine abstinence was increased more rapidly by methadone than by buprenorphine (z = 2.2, P = .03), and by desipramine than by placebo (z = −2.6, P = .009).
Patients receiving desipramine appeared to report fewer days of opioid use over time than those receiving placebo (z = 1.95, P = .05; Figure 4 ), but self-reported cocaine use showed no significant differences by opioid medication (z = −0.18, P = .85) or desipramine condition (z = −1.44, P = .15) (Figure 4 ). Other self-reported measures of cocaine (eg, number of dimes used per week) or heroin use (ie, dollar value used per week) also showed no significant differences. No measure differed by sex across treatment regimens.
Neither depressive symptoms on the Beck Depression Inventory nor opioid withdrawal symptoms differed over time by opioid medication or desipramine.
DESIPRAMINE PLASMA LEVELS AND SIDE EFFECTS
Desipramine plasma levels were marginally lower in patients treated with buprenorphine (mean ± SD, 413 ± 332 nmol/L; range, 56-1448 nmol/L) than in patients treated with methadone (551 ± 261 nmol/L; range, 0-1140 nmol/L; 2-tailed unpaired t 63 = −1.85, P = .07). Desipramine plasma levels were significantly higher in women (646 ± 342 nmol/L) than in men (411 ± 250 nmol/L), regardless of the opioid maintenance agent (F (1,64) = 11.2, P = .001). In addition, the difference in desipramine plasma levels between women and men was significantly greater during the buprenorphine (792 ± 524 nmol/L vs 337 ± 226 nmol/L) than the methadone maintenance period (600 ± 272 nmol/L vs 509 ± ± 252 nmol/L; F (1,64) = 5.0, P = .03). Desipramine plasma levels were higher for those men treated with methadone than those treated with buprenorphine (2-tailed unpaired t 42 = −2.35, P = .02), but not higher in women treated with methadone (unpaired t 19 = 1.1, P = .29).
Opioid abstinence increased more rapidly in patients with higher desipramine plasma levels, regardless of opioid medication or sex (z = −2.11, P = .03; Figure 5 ). Desipramine plasma levels did not affect cocaine abstinence.
Side effects reported that were possibly owing to desipramine included sweating (n = 6), nausea (n = 5), dry mouth (n = 5), muscle spasm (n = 4), and orthostatic hypotension. The desipramine dosage was decreased in 5 individuals owing to desipramine side effects, but 4 still discontinued treatment.
COMMENT
This study found sex differences in the facilitation of opioid and cocaine abstinence. Although desipramine facilitated opioid and cocaine abstinence in men and women to a greater extent than placebo, methadone facilitated opioid abstinence in men to a greater extent than buprenorphine, while buprenorphine plus placebo was the least efficacious in women. Cocaine abstinence was facilitated more by buprenorphine in men but by methadone in women. These differences in urinalysis results owing to desipramine condition mirrored self-reports of heroin use but not of cocaine use. These results did not appear owing to simple attrition or differential counseling attendance, since neither significantly differed among the 4 treatment groups. Desipramine plasma levels were higher in women than in men and also higher in men treated with methadone than with buprenorphine, but not in women. Higher desipramine plasma levels facilitated greater opioid but not cocaine abstinence.
That methadone facilitated greater opioid abstinence than buprenorphine in men and that buprenorphine plus placebo was least efficacious in women is consistent with previous reports that buprenorphine is not more effective than methadone in reducing opioid use. 22, 24, 25, 27 Moreover, the findings from women support a previous observation that women showed greater rates of opioid abstinence than men when treated with 4 mg of buprenorphine hydrochloride, but not 12 mg, 37 suggesting that lower buprenorphine doses may be necessary to improve opioid abstinence in women.
That opioid medication had opposite effects on cocaine abstinence in men and women suggests that previous negative findings with buprenorphine on cocaine abstinence may have been obscured by sex differences in treatment response. 24, 26, 33, 34 Although women had higher desipramine plasma levels than men, desipramine plasma levels were not related to cocaine abstinence. Why women had higher desipramine plasma levels than men is unclear, but may be owing to differential metabolism of desipramine or differential compliance with taking desipramine. That methadone-maintained men had higher desipramine plasma levels than buprenorphinemaintained men is consistent with a previous report that the metabolism of desipramine may be inhibited by methadone. 19 These same complicating factors of sex differences may also have obscured previous results in which desipramine was used in methadone-treated patients. 11 Moreover, the success of desipramine in facilitating greater opioid and cocaine abstinence may be due to the use of more sophisticated analyses examining trends over time in the current study, as opposed to more traditional statistical techniques used in previous studies reporting negative findings. 11, 13 In particular, our major differences appear to be delayed until late in the trial when examining the raw urinalysis results (Figures 2 and 3) .
Although desipramine had similar effects on opioidfree urine samples and self-reported heroin use, cocaine toxicology results and self-reported drug use generally did not show similar findings. Both good agreement [52] [53] [54] [55] between and poor validity or reliability [56] [57] [58] [59] of these assessments have been reported previously. Factors affecting the correlation between urinalyses and self-reports may include treatment status, 60 the type of self-report methods used, 53 ,61 the population of respondents, 62 the type of urinalyses used, 54, 55 and the drug targeted. 54, 59 The poor agreement between cocaine urinalyses and selfreports in this study may be owing to the fact that the self-reporting instrument did not assess drug use with a time line. The instrument was completed by the patients themselves immediately prior to receiving medication, when they may have been more focused on receiving the medication. Finally, given that cocaine use was often grounds for treatment dismissal in area clinics, patients may have been predisposed to underreport their use.
The findings that retention and counseling attendance did not differ across treatment groups indicate that methadone and buprenorphine, with or without desipramine, were equally acceptable to patients. These findings are consistent with previous comparisons of methadone and buprenorphine without adjunctive therapy, 27, 63 and suggest that adjunctive treatments such as desipramine may generally be tolerated in opioid-maintained patients. Furthermore, only 5% of patients treated with desipramine complained of side effects severe enough to warrant dose reduction, although most of these discontinued desipramine treatment. In addition, although human laboratory findings suggest that cocaine's cardiovascular effects may be enhanced by desipramine, 16, 17 no adverse reactions from cocaine use were reported during the study. Thus, desipramine's side effects profile and possible interactions with cocaine minimally limit its acceptance and safety, but close monitoring of patients treated with this agent would be prudent for optimal therapeutic efficacy.
Because at least 20% to 50% of the urine samples still contained opioids or cocaine, more flexible dosing of the opioid medication may assist in optimizing opioid abstinence, as has been demonstrated elsewhere. 27, 64, 65 Other treatment modalities in addition to pharmacotherapy may also improve efficacy for combined opioid and cocaine dependence, including employing a higher level of counseling intervention [66] [67] [68] or applying contingency management procedures whereby incentives are given based on demonstrated drug abstinence. [69] [70] [71] [72] [73] In conclusion, these findings suggest that desipramine plus methadone may optimally facilitate opioid abstinence, while desipramine plus buprenorphine may facilitate cocaine abstinence in men; whereas desipramine plus methadone optimally facilitates both opioid and cocaine abstinence in women. These findings highlight the importance of examining sex differences in these types of trials and suggest that adjunctive medications such as desipramine may enhance treatment outcome. Further research is necessary to determine the reliability of these findings. 
